Most stock markets are characterized by a number of parallel operating trading systems which interact intensively with each other. Usually, smaller trading platforms take the leading domestic main market as a benchmark in the price discovery process and for closing open trading positions. But what happens if the smaller trading systems suddenly have to act without this benchmark platform?
Introduction
Even most highly developed stock markets are characterized by a number of parallel operating trading systems or stock exchanges. Despite strong arguments for consolidation markets are fragmented and remain so for long periods of time. Madhavan (2000) describes this phenomenon as "network externalities puzzle". On the one hand, advocates of parallel trading markets name positive effects such as decreasing monopolistic rents due to increased competition. 3 On the other hand, opponents point out that consolidation leads to higher liquidity externalities. 4 Another string of literature concentrates on the changes in market quality by the closing of the main trading system and the beginning of after market trading or the ongoing trading on ECNs or regional stock exchanges and find that trading during after hours is mostly illiquid. The price discovery is lower than during the regular trading day and consequently price efficiency is comparably poor. 5 The results are driven by two factors. Firstly, the main stock exchange does not operate during after hours. Secondly, results are influenced by the intraday pattern of trading. 6 All these studies either analyze event oriented the entrance of a new trading platform or over a long time period the co-existence of established markets. In both cases, the number of trading alternatives is stable or even growing. Market participants here decide whether to stay or go. But we hardly had ever the opportunity to analyze an event where market participants suddenly had to switch because the main market reduced its trading hours. This happened in Germany in 2003 7 and offers the opportunity to study how traders changed their behavior in respond to this reduction. Traders have three alternatives: (a) to finish their activities earlier, (b) to wait until next trading day or (c) to switch to another trading platform. The screen based trading platform Xetra is the main trading system in Germany, concentrating more than 90 % of the overall trading volume on this platform. This huge market share brings us to the assumption that the early closing must have some impact on traders' activities in other trading systems.
Given the ongoing discussion about the consolidation of trading venues across Europe, it is important to examine the behavior of investors when an existing main trading system stops to operate and investors have to adapt. The effects of reducing the operating hours of a main trading system are expected to be much stronger than of a small trading platform. The major differences are liquidity externalities, which could be destroyed by this event, while it is unclear how much of the pre-event conditions have to be contributed to positive liquidity externalities. If liquidity externalities are a major contributor to trading, it is possible that the floor based trading platform is significantly negatively affected. This again could start up a viscous circle, which might force the floor based trading venue to stop operating during the evening as well.
To our knowledge, this situation has hardly ever been subject of any research. One exception is a recent analysis by Hendershott and Jones (2005) on the market of three exchange-traded-funds when the Island electronic communication network stopped displaying its limit order book, while it was the dominant venue. The study documents that trading activity and price discovery decreases, leading to overall worsening of market quality. After one year of non-display, Island redisplays quotes again. Hendershott and Jones (2005) show that the second event is much more modest and does not simply reverse the effects. In contrast to our study, Island did not stop to operate but only denied displaying quotes to "any" market participant. In our German case the screen based trading venue completely stops operating during the evening.
The focus of this paper is to analyze the impact of this event on the leading floor based exchange in Germany, when the main screen trading platform reduced its operating hours. In the study we illustrate the changes of liquidity, informed trading and market efficiency as a direct result of the event. The results offer additional insight in the dynamic behavior of investors on changes in market structure.
Our findings suggest that the earlier closing of the screen based trading system is mostly beneficial for the floor based stock exchanges. This finding is important for several reasons. Firstly, it provides evidence that those floor based stock exchanges are able to profit from this event by gaining additional liquidity. Secondly, it shows that market structure has an impact on the behavior of investors, by documenting that especially uninformed traders willing to trade in highly liquid stocks make the transfer. Thirdly, despite a decrease of market efficiency an increased number of traders are still willing to trade during evening hours. This implies that obviously waiting cost until next day are much higher for them. Thus, evening hour trading yields added value, despite less favorable market conditions. The rest of the paper is structured as follows: Section 2 provides an overview of the institutional setting of the examined stock exchange and the German equity market. In Section 3 we review the related literature and derive our testable hypotheses. Section 4 presents a descriptive statistic of the employed data sample. Section 5 analyzes the change in level of liquidity at the FSE. Section 6 examines the level of informed trading and the corresponding changes subsequent the event. In Section 7 we determine the informational efficiency of prices. Finally, in Section 8 we conclude.
The Structure of the German Equity Markets
As described by Theissen (2003a) , the German equity 8 market is horizontally and vertically fragmented. In the vertical dimension the market is divided into three segments, namely "Freiverkehr", "General Standard" and "Prime Standard". The unregulated "Freiverkehr" is the least regulated segment, followed by the "General Standard". It is designed for smaller companies with a domestic focus. The "Prime Standard" is the highest regulated segment, aiming at internationally visible companies. Among many other requirements, those companies have to be included in one of the indices calculated and published by the Deutsche Börse AG. 9 The structure of the most important German indices is shown in Figure I . The DAX is the blue chip index, including the 30 most liquid stocks. Next, 50 MDAX securities and 50 SDAX securities are following each representing the "old economy". The TecDAX comprises the 30 most liquid high tech firms, thus representing the "new economy". Table I shows the market capitalization of the indices and all domestic securities. Obviously, the DAX index is dominating all other indices and represents nearly half of the total market capitalization. Figure I about here > < insert Table I about here > In the horizontal dimension, the German equity market is fragmented between seven floor-based stock exchanges and one electronic trading system. The Deutsche Börse AG is hugely dominating the equity market by operating electronic trading system Xetra and the floor based trading platform Frankfurt Stock Exchange (FSE). Additionally, there are six other stock exchanges located in Berlin-Bremen, Düsseldorf, Hamburg, Hannover, Munich, and Stuttgart, with only small market shares ranging between 0.87 percent and 5.75 percent depending on the index. (See Table II) < insert Table II about here > The electronic trading system Xetra, introduced in 1997, is fully automated, based on open limit order book providing continuous trading. 10 The computerized order book manages all incoming market and limit orders. Orders are automatically matched by the system based on price and time priority. The operating hours before Nov. 3 rd , 2003 were 9:00 a.m. to 8:00 p.m. and after Oct. 31 st , 2003 are 9:00 a.m. to 5:30 p.m. 11 Every trading session starts, ends and is twice interrupted by call auctions. All securities traded at the market are ranked according to their liquidity. Securities belonging to the lowliquidity category are only traded when they have at least one "Designated Sponsor". Those "Designated Sponsor" are required to quote bid and ask prices and participate in call auctions. They are responsible for providing the minimum requirements of liquidity. For quality assurance all "Designated Sponsor" are regularly rated by the exchange and the results are made public. 8 For further information on the microstructure of German equity markets see Demarchi and Foucault (2000) and Commerton-Forde and Rydge (2004) . 9 The membership of the security in the CDAX does not qualify for "Prime Standard", given that this index includes all listed companies. 10 See Reck (2001) Trading at FSE is organized similar to the NYSE. 12 A "Kursmarkler" (similar to the specialist) conducts trading, and has exclusive access to the information in the limit order book. Contrary to the NYSE the "Kursmarkler" may trade on his own account in addition, but is not obliged to do so. He quotes continuously bid and ask prices (called "Taxen"), which represent either limit orders in the order book or the Kursmakler's own willingness to trade. The operating hours are between 9:00 a.m. and 8:00 p.m. The Kursmarkler conducts at 9:00 a.m. an opening call auction goes on to a continuous trading session and finally ends with a closing call auction. 
< insert

Related Literature and Testable Hypotheses
The screen trading system Xetra opened every business day from 9:00 a.m. to 8:00 p.m. in the past. Since Nov. Investors which used to trade on the most liquid trading platform Xetra in the evening now have three alternatives for adjusting their trading activities. Either they choose to trade earlier, or they choose to wait until the next trading day, or they switch to one of the less liquid floor-based stock exchanges. As those particular investors choose to trade on Xetra beforehand, obviously they view all the alternatives as inferior compared to Xetra. Therefore, investors wanting to trade on Xetra during evening hours face a tradeoff between trading at a sub-optimal point in time (before or next day) and an inferior transaction process at a different market. We expect that at least some investors will switch from Xetra to FSE. This change in trading activities will improve the liquidity on the floor to some extent. We do not expect that all investors transfer to the FSE, because some investors are more affected by the changes than other and consequently are less prone to switch. We test these predictions in hypothesis H1:
H1:
The liquidity at the FSE increased significantly after the change in opening times at Xetra.
For the British stock market Jain, Siang, McInish and Taechapiroontong (2003) show that informed traders prefer the anonymous SETS, while the non-anonymous voluntary dealer market is able to compete effectively for uninformed order flow. Barclay, Hendershott and McCormick (2003) show that informed traders are more willing to trade at ECNs, due to a greater degree of anonymity. Consistently, Grammig, Schiereck and Theissen (2001) provide evidence for stock trading in Germany that the probability of informed trading is higher at the anonymous screen trading compared to the floor of FSE. They point out that at the FSE the Kursmarkler knows the identity of his counter-12 See Theissen (2003a) and Theissen (2003b) for an overview on the trading system of the floor of the FSE. 13 A larger number of securities (none included in the sample) is too illiquid for continues trading. Thus, only daily call auctions are conducted. The same applies for Xetra.
party. Informed traders prefer an anonymous electronic trading system, where they can trade longer undetected on their information. Thus, informed traders are less likely to transfer to non-anonymous floor trading and more likely to trade earlier or wait until the next trading day, as they are preferring anonymity stronger. Hence, we estimate the probability of informed trading by employing the methodology proposed by Easley, Kiefer, O'Hara and Paperman (1996) for trading at the FSE. We expect to observe that the arrival rate of uninformed traders increases stronger than the rate for informed traders, resulting in a decrease in the probability of informed trading. We test whether hypothesis H2 holds.
H2:
The arrival rate of uninformed traders increased stronger than the arrival rate of informed traders after the change in opening times at Xetra.
The abolishment of trading during evening hours does not only yield potentially positive effects for the floor-based stock exchanges, when a decreased liquidity, informed trading and pre-trade transparency leads to a decline in market efficiency. Hasbrouck (1995) analyzes the proportional contribution to the innovation in the common efficient price for homogeneous or closely-linked securities of multiple markets. He provides evidence that the price discovery takes mainly place at the New York Stock Exchange (NYSE) and not at the US regional stock exchanges. For the price discovery in Xetra and FSE Theissen (2001) finds that both markets contribute to price discovery. The contributions of the two trading systems to the process of price discovery are almost equal, but show tendencies for higher contributions of Xetra. Thus, the FSE profited from the price discovery at Xetra during evening hours before the event. Now Xetra closes early and price discovery has to be produced solely by FSE. If FSE is not able to provide additional price discovery stock prices become less efficient and overall market quality decreases.
A decrease of the informational efficiency of prices during evening hours is expected for the following reasons: If some investors are less likely to transfer than others, all those who decide to trade at a different point of time are lost to the evening hours trading across all stock exchanges in Germany. Chordia, Roll and Subrahmanyam (2005) show that the liquidity in stock trading is positively related to market efficiency. They argue that market efficiency is not immune to frictions such as illiquidity and higher liquidity is associated with more trading on private information, which increases price efficiency. Thus informational efficiency is expected to decrease. Boehmer, Kelley and Pirinsky (2005) support the idea that there is a positive relationship between the fraction of informed trading and efficient prices, arguing that institutional investors are better informed and thus increase informational efficiency. While we argued earlier, that the arrival rate of uninformed traders will increase stronger than the rate for informed traders, we expect that a decrease of price efficiency.
Additionally, Xetra functions as an open limit order book, providing detailed information on depth and liquidity of the market to potential investors, while floor trading does not. Thus, pre-trade transparency of German stock markets hugely decreases in German stock markets after 5:30 p.m. Glosten (1999) and Baruch (2005) predict that an improvement of transparency leads to an increase of informational efficiency of prices. Boehmer, Saar and Yu (2005) show for the introduction of NYSE's open book service which provides limit order book information to traders off the exchange floor, that an increase in pre-trade transparency improves informational efficiency of prices. The early closing of Xetra represents a decrease of pre-trade transparency. Therefore, we expect that decreased liquidity, informed trading and pre-trade transparency cause a reduction of informational efficiency. We test our expectations in hypothesis H3:
H3:
The informational efficiency of prices decreased after the change in opening times at Xetra.
Theissen (2002) compares floor-based and screen-based trading in Germany. He shows that both trading systems have their advantages. While the electronic screen trading system displays lower bid-ask spreads for more liquid stocks, transaction costs appear lower for less liquid stocks at the floor trading. Theissen (2002) explains those differences with a trade-off between operational costs (electronic stock exchanges are more efficient) and adverse selection costs (market structure of floor trading reduces adverse selection component of bid-ask spread). Thus, investors willing to trade more in liquid stocks are less likely to transfer to one of the other stock markets and more likely to wait until the next trading day, as they are stronger preferring a electronic trading system. Therefore, we expect differentiated results according to low and high trading volume. The testable implications that arise are stated in the hypotheses H4a to H4c:
H4a: Liquid and illiquid stocks respond differently at the change of opening times at Xetra in regard to liquidity.
H4b: Liquid and illiquid stocks respond differently at the change of opening times at Xetra in regard to arrival rates of (un)informed traders.
H4c: Liquid and illiquid stocks respond differently at the change of opening times at
Xetra in regard to market efficiency.
Data
The data sample includes information on 823.362 transactions. Table II shows that securities included in DAX and MDAX are traded more actively on Xetra, while securities included in SDAX are comparably more actively traded at FSE. The more a security is traded on Xetra, the more it will be affected by the change in operating hours.
< insert Table III 
Liquidity and Trading Activity
As proxy for liquidity we employ the following transaction data based measures: trade size in Euro (TS), trade duration (TD) and turnover duration (TOD). Trade duration as defined by Hautsch (2004) is the time between two consecutive trades. Trade duration accounts for the frequency of trading, but does not measure differences in turnover. Thus, we calculate turnover duration, which describes the time that a stock needs to absorb a certain amount of money. This measure is based on volume duration suggested by Gouriéoux, Jasiak and Le Fog (1999) . Volume duration describes the time that a stock needs to absorb a certain number of stocks. We keep in mind that this measure does not allow a comparison across different stocks. Therefore, we extend the measurement by accounting for differences in price levels. Alternatively, turnover duration can be viewed as the reciprocal measure of the turnover measure (total turnover over a certain period) suggested by Chan, Chung and Fong (2002) . The threshold for turnover duration is defined as 10,000 Euros. All trade information observed during a trading session and across all securities is aggregated to one trade information, using the equal weighted mean of this trading session.
< insert Table IV about here >   Table IV presents descriptive results for the liquidity at FSE around the change in operating hours at Xetra. The results show that highly liquid and less liquid stocks differ significantly. Trade duration for highly liquid securities ranges between 1 -8 minutes, while trade duration for less liquid stocks ranges between 11 -41 minutes. A similar picture evolves considering turnover duration. Stocks with high trading volume range between 1 -3 minutes and stocks with low trading volume range between 7 -17 minutes. Trade duration and turnover duration improved in all samples across time. Trade duration and turnover duration increased during regular hours and during evening hours. We attribute the improvement during regular operating hours to a secular trend, which is not driven by the event under examination. But we attribute the stronger growth during the evening hours -beyond the growth rates observed during regular operating hoursto the change of opening hours of Xetra. The effects are stronger for highly liquid stocks compared to less liquid securities.
Comparing turnover duration with trade duration reveals that turnover duration reacts relatively stronger in the evening for stocks with high trading volume. This indicates that not only trading frequency but also trading volume increased during evening hours. Thus, trade size is examined across all samples which stagnates or even slightly decreases over time, except for highly liquid stocks during evening hours. There is a sharp increase from €6.965 up to €12.261 for liquid stocks during the evening. Before the event, trade size is similar (or slightly lower) compared to trading during regular hours. After the event trade size increases strongly and is even larger than in any other sub-sample of this time period. This implies that trading during evening hours is strongly affected by the event. Two explanations are possible for this effect. Firstly, the already active investors at FSE changed their preferred trade size. Secondly, FSE attracted new investors, which prefer a larger trade size, than the already active investors at those stock exchanges. Because of a higher trading frequency after the event we believe that the second explanation is more convincing.
Summarizing, the frequency of trading at FSE increased after the change of operating hours at Xetra. The increase appears to be stronger during evening hours. This holds especially true for securities with high trading volume. The remarkably strong increase in trade size provides further indication for additional investors. Thus, we conclude that some of the investors decided to transfer their trading activities to FSE. These observations are consistent with Hypotheses 1 and 4a.
Probability of Informed Trading
Methodology
Information-based trades are not directly observable. Therefore, a structural microstructure model is applied to make inferences about it. According to Easley, Hvidkjaer and O'Hara (2002) : "microstructure models can be viewed as learning models in which market makers watch market data and draw inferences about the underlying true value of an asset". Following Easley, Kiefer, O'Hara and Paperman (1996) , the trading process and the market maker's learning process can be modeled and used to make an inference about the probability of information based trading.
For estimating the probability of informed trading the model suggested in Easley, Hvidkjaer and O'Hara (2002) is applied. Trading can be depicted as a game that repeats over t = 1…T days. Trades occur over the days in discrete time, within each trading day trades take place in continuous time. Between each day nature determines whether a relevant information event occurs or not. Information events are independently distributed and take place with probabilityα. The events are bad news with probability δ and good news with probability (1 -δ). Good news imply that the value of the asset increases from V t * to V t h while bad news imply a decrease in value from V t * to V t l , respectively. Thus, it is assumed, that V t l < V t * < V t h . The orders arrive every day following Poisson processes. The market maker executes orders as they arrive based on the previously quoted bid and ask prices. Uninformed traders trade for liquidity reason. It is assumed that buy as sell orders of uninformed traders arrive at rate ε. informed traders buy if they observe good news and sell if they observe bad news. The arrival rate of orders of informed trades is µ. Every time an order arrives, the market maker updates his expectations. This process is described in Figure II. < insert Figure II about here > A number of papers 14 show how to use this structural model to work backwards and provide specific estimates for the risk of information based trading. The structural microstructure model can be estimated using a maximum likelihood function. The function is: where B t and S t are the total number of buy and sell induced trades per day and Θ t (α, δ, ε, µ ) is the parameter vector per day. This likelihood function represents a mixture of distributions weighted with the probabilities of a "good news day" α (1 -δ), a "bad news day" α δ and a "no event day" (1 -α). As days are assumed to be independent from each other, the likelihood of observing data
over T days is the product of the daily likelihoods.
Following Easley, Engle, O'Hara and Wu (2000) the likelihood function can be rearranged for computational efficiency in the following way:
where
M = min (B, S) + max (B, S) / 2 and x = ε / (µ + ε).
The variable x can be interpreted as the ratio of the arrival rates of "wrong trades" to that of "right trades". A "wrong trade" is defined as a buy (sell) in presence of a bad (good) signal and a right trade is vice versa.
The summary proxy for asymmetric information is the probability of informed trading (PIN). PIN is the unconditional probability that a randomly selected trade originates from an informed trader and is calculated as follows:
The original model by Easley, Kiefer, O'Hara and Paperman (1996) is applied to daily data. Similar to 
Results
Table V documents the findings for the probability of informed trading at FSE around the change in operating hours at Xetra. We report medians across all securities. Pairwise Mann-Whitney U tests are used to test the null-hypothesis that two samples are drawn from identical populations.
< insert Table V about here > Estimated parameters for stocks with low trading volume during evening hours are stable across time. This is remarkable, considering a strong and statistically significant increase of (un)informed trading during regular hours. Thus, we have to conclude that despite an ongoing unobserved trend during regular business hours, trading during evening hours does not change significantly for stocks with low trading volume. Stocks with high trading volume behave differently. The arrival rates of informed and uninformed traders show significant growth over time. The probability of informed trading is the highest for trading during evening hours before Nov. 3 rd , 2003 compared to all other sub-samples. For all samples the probability is approximately 0.21 but during evening hours it rises up to 0.27. The probability of informed trading during evening hours approached to the overall average, since Xetra is closing earlier. This observation is mainly driven by a relatively small arrival rate of uninformed traders at the beginning and a corresponding strong increase afterwards.
The probability that an information event takes place decreased in all sub-samples from before Nov. 3 rd , 2003 to after Oct. 31 st , 2003. This decrease is quite large, thus drives the probability of informed trading significantly. This change might be due to an underlying, unobserved trend. There is no indication that this trend is related to the early closing of Xetra.
A ratio (ε / µ) is reported in Table V, presenting the fraction of arrival rate of uninformed traders over arrival rate of informed traders. We see that ε / µ behaves differently for highly and less liquid stocks. On the one hand, stocks with low trading volume only change statistically significant during regular operating hours. The ratio ε / µ decreases, meaning that the arrival rate of informed traders increases stronger than the arrival rate of uninformed traders. On the other hand, stocks with high trading volume change statistically significant during evening hours and the measure ε / µ increases, meaning that the arrival rate of uninformed traders increases stronger than the arrival rate of informed traders. The results are in line with previously obtained findings in Section 5 and support Hypothesis 2 and 4b. The results differ hugely between highly liquid and less liquid stocks. Securities with low trading volume during evening hours appear to be stable across time, despite an unobserved trend during operating hours. Securities with high trading volume receive more uninformed traders compared to informed traders.
Informational Efficiency of Prices
Methodology
Boehmer, Kelley and Pirinsky (2005) differentiate between three different approaches measuring the informational efficiency of prices. First approach is the analysis of longterm and short-term return variances, as done by Barnea (1974) or Hasbrouck and Schwartz (1988) . Even though this measure is simply to compute, it is sensitive to the horizons chosen for comparison. Second approach estimates prices changes associated with new information using liquidity ratios that relate volume to returns (Schreiber and Schwartz (1986) ). But this approach does not differentiate between permanent and temporary price changes. The third approach is suggested by Hasbrouck (1993) and is applied in this study. Hasbrouck (1993) resolves a non-stationary time series of returns into a random-walk component and a residual stationary component. He assumes that the random-walk component represents the efficient price driven by information-based permanent changes and that the residual stationary component represents temporary price changes, which should quickly reverse. Thus, the observed log transaction prices (p t ) can be decomposed into an efficient price (m t ) and a pricing error (s t ).
Here t is assumed to index stock transactions. It is assumed that the pricing error follows a zero-mean covariance-stationary process. Therefore, the standard error of the pricing error (σ s ) can be interpreted as a measure of its magnitude. Given the zero-mean, the standard error describes how closely the observed transaction prices follow the efficient prices over time. Hasbrouck (1993) 
where x t represents the signed trade volume, positive if the agent initiated the buy and negative if the agent initiated the sell. 
Hasbrouck (1993) shows that based on the pricing process (5), the vector autoregressive model (7) and the restriction suggested by Beveridge and Nelson (1981) the pricing error may be expressed as:
while α and β are computed as follows:
Finally, we obtain the standard deviation of the pricing error σ s as:
To control for cross-section differences in return variance, we divide σ s (11) by the standard deviation of r t (6) and refer to it as VR(s/p). For estimating the returns: we exclude all transactions where the previous price differs by more than 30 percent. Additionally, we exclude in our sample of the VAR-model all overnight returns.
Before estimating the pricing error the number of lags for the VAR model has to be defined. In previous rresearch the numbers of lags vary to a large degree, because it is not possible to derive the number of lags theoretically. Thus, we apply the likelihood ratio as suggested by Sims (1980) to estimate the appropriate number of lags. In general, VAR model may differ in length of their lags. A longer lag model is viewed as unrestricted model, while a model with shorter lags is called restricted. Sims (1980) computes a likelihood ratio statistics to test for the significance of imposing the restrictions by deleting an additional lag from the model. If the restriction leads to a statistical significant degradation of the model, we conclude that the longer model is more appropriate. We compute the likelihood ratio across all securities and conclude that three lags are the most appropriate. We require a minimum of seventy observations for estimating meaningful pricing errors. Unfortunately, most securities are not able to fulfill those requirements for trading during after-hours. Thus, we do not compute the pricing error for the sample of less liquid stocks and the sample of stocks with high trading volume is reduced to 27 securities.
Additionally, we calculate a second more simple measure for the informational efficiency of prices, because of the restriction of VR(s/p). The second measure is the absolute transaction-price-return first-order autocorrelation and demands less data restrictions, but has a theoretical shortcoming. Nevertheless, it provides further robustness of the results in combination with VR(s/p). We compute this measure as follows: All transaction price information observed during a period of fifteen minutes are aggregated to one price information using the last price fixing (close) of this period. Using this price series, we compute returns and estimate absolute correlation coefficients, while ignoring overnight-returns. We refer to this measure as |Corr15|. It is assumed that efficient prices follow a random walk. The more a price series resembles a random walk, the less autocorrelation should be. We report the absolute autocorrelation, because we are interested in the deviation of the price series from the random walk but not in the direction.
While Hasbrouck (1993) distinguishes between information related and unrelated price changes, |Corr15| does not. Applying an autocorrelation based measure ignores that autocorrelation is not necessarily induced by inefficient pricing but might be also caused by efficient price discovery. As for example an informed trader chooses to split his orders over time, prices gradually incorporate information and cause a positive autocorrelation, even though all publicly available information are efficiently processed. Hence, this "efficient" autocorrelation leads to an overstating of |Corr15|. One feature of this study mitigates our concerns. We do not use |Corr15| in an absolute sense. Our analysis focuses on the change of |Corr15| around the change of opening times of Xetra. If the effect of "efficient" autocorrelation is constant over time then our results are unbiased.
Results
Table VI presents evidence on the informational efficiency at FSE around the change in operating hours at Xetra. The efficiency measures VR(s/p) and |Corr15| for stocks with low trading volume are not coherent across the sub-samples. While VR(s/p) suggests a strong quality increase during regular operating hours, |Corr15| shows no changes. This result is consistent to the results for less liquid stocks in Section 6. For highly liquid stocks our results are much more coherent. On the one hand, the pricing error and the first-order autocorrelation show that the market efficiency during regular business hours increased. This is in line with our expectations, as we showed in Section 5 that liquidity increased statistically significant. On the other hand, VR(s/p) and |Corr15| decreases during evening hours. Even though the p-values are rather weak (0.1003 and 0.1989), they show tendencies.
< insert Table VI about here > Similar with the results in Section 6 we do not find any evidence that the event did have an effect on stocks with low trading volume. Furthermore, there is at least weak indication that the market quality decreased. In general these results are in line with our expectations. As the decrease of market quality for highly liquid stocks during evening hours is comparably small, FSE is able to provide own contribution to price discovery nearly as efficient as done by Xetra during the evening hours. These observations are in line with Hypothesis 3 and 4c.
Conclusion
We examine for the German stock market the effects of the reduction of the daily business hours of a screen based main trading system while a parallel floor based trading system keeps on operating. While prior research on parallel trading focuses on changes due to a growing number of trading venues, we present first evidence on market effects when the main trading platform reduces trading hours. Herewith, our study contributes to the growing literature on parallel markets. While most studies focus on an increasing number of trading venues, we show what happens if potential trading channels decreases.
We study a unique event as a natural experiment, when the main trading platform Xetra reduces its operating hours. We provide evidence that the FSE is able to increase its liquidity on a stand alone basis. Furthermore, we observe that the probability of informed trading decreases during evening hours. This is due to a stronger increase of arrival rates of uninformed traders compared to informed traders. These observations only hold true for highly liquid stocks. Finally, we see that the informational efficiencies of transaction prices decrease weakly.
The results are important for a couple of reasons. The documented evidence illustrates the impact of the changes of liquidity, informed trading and market efficiency when the main market stops to operate and smaller trading systems are no longer able to profit from price discovery provided by the main stock exchange anymore. Obviously do liquidity externalities not have such a major impact that the overall performance of FSE declines. This implies that evening hour trading yields added value, despite less favorable market conditions. The parameter µ (ε) is the arrival rate of (un)informed traders, α is the probability of an information event and δ is the probability that the information event is negative. Nodes to the left of the dotted line occur only once a day. parameter µ (ε) is the arrival rate of (un)informed traders, α is the probability of an information event and δ is the probability that the information event is negative. The parameter PIN measures the probability of information based trading. We report medians across all securities. Pair-wise Mann-Whitney U tests are used to test the nullhypothesis that two samples are drawn from identical populations. 
